Background--There has been an increase in the prevalence of drug abuse (DA) in the national opioid epidemic. With increasing DA, there is an increased risk of infective endocarditis (IE). There are limited recent data evaluating national trends on the incidence and geographical distribution of DA-IE. We aim to investigate those numbers as well as the determinants of outcome in this patient population.
D rug abuse (DA) continues to rise in the United States, and otherwise healthy populations have been particularly affected. 1, 2 The number of deaths secondary to an opioid-related drug overdose in 2016 was 5 times higher than in 1999, and drug-related deaths from heroin nearly tripled during this time period. 3, 4 In 2017, the US Department of Health and Human Services declared the US opioid epidemic a public health emergency. 5 The opioid epidemic has led to increased infectious-related morbidity and mortality, including infective endocarditis (IE). 6 Drug abuse is a major risk factor for IE, and patients who have IE from intravenous DA have significant morbidity and mortality. [7] [8] [9] Regardless of DA, IE is a life-threatening condition with an associated mortality of 10% to 30% [10] [11] [12] and has been steadily increasing over the past 20 years. 6, [13] [14] [15] Admissions for IE in patients aged <30 years with intravenous DA increased from 11% in 2008 to 27% in 2014 in the Centers for Disease Control and Prevention Multiple Cause-of-Death database. 16 Additionally, it was demonstrated that there was an alarming 2-fold increase in IE deaths among young people (aged <35 years), white, and with intravenous DA from 1999 to 2016 compared with all-cause IE mortality. 17 There are limited data evaluating national trends on the incidence and geographical distribution of IE since 2014. A recent study looked at North Carolina state data between 2007 and 2017 and showed that the rate of DA-related IE (DA-IE) hospitalizations increased by 12-fold, and a singlecenter retrospective study in Virginia between 2000 and 2006 showed a 10% annual increase in intravenous DA-IE. 18, 19 In this analysis, we describe national and geographical trends in DA-IE using the National Inpatient Sample (NIS) registry from 2002 to 2016. We also compare patient characteristics and outcomes in DA-IE to those with non-DA-IE.
Methods
We performed a retrospective cohort study of patients admitted with IE using the NIS from years 2002 to 2016. The NIS is part of a family of database and software tools developed for the Healthcare Cost and Utilization Project. It is the largest publically available all-payer inpatient healthcare database in the United States. Unweighted, it contains data from more than 7 million hospital stays each year; and weighted, it estimates more than 35 million hospitalizations nationally. 20 These data are exempted from institutional review board approval because it is de-identified and publically available. Thus, informed consent was waived.
We first included all hospitalizations from 2002 to 2016. We excluded patients with missing information (discharge weighting variable, age, or year of hospitalization), age <18 years, and hospital transfers. Out of this cohort, we excluded patients without a primary or secondary diagnosis of IE based on the International Classification of Diseases, Ninth and Tenth Revisions, Clinical Modification (ICD-9-CM, ICD-10-CM) diagnoses (Table S1 ). The authors declare that supporting ICD-9 and ICD-10 data are available within the article and its online supplementary file and are available to other researchers for purposes of replicating the procedure. Patient demographics, payer status, income, length of stay, charges, hospital region, and comorbidities were obtained from the database. Comorbidities and surgeries were identified according to their ICD-9 and ICD-10 codes (Table S1 ) and/or Elixhauser comorbidity variables, when appropriate. 21, 22 Death was determined by inpatient mortality as provided in the NIS database. The data were then stratified based on DA status, which was defined based on 97 ICD-9 codes and 253 ICD-10 codes (Table S1 ).
Statistical Analysis
Continuous variables are described as medians and interquartile ranges. Categorical variables are described as percentages. The Mann-Whitney U test was used to compare 2 continuous variables, and the chi-square test and Fisher's exact test were used to compare 2 categorical variables. P<0.05 was considered statistically significant. Statistical analyses were performed with SPSS software (version 25.0; IBM Corp, Armonk, NY). We used the Cochran-Armitage test for trend to compare incidence rate ratios of IE and DA-IE across all calendar years. Multivariable Poisson regression models were used to assess the trends of IE, DA, and DA-IE nationwide and by region, which was adjusted for potential confounders such as age, sex, race, and drug use.
Results

Population/Patient Selection
A total of 568 648 355 hospitalizations were recorded between 2002 and 2016 ( Figure 1 ). Patients with missing discharge weighting factor (n=856 807), missing age, or year of admission (n=478 894), age <18 (92 676 715), and hospital transfers (n=23 188 164) were excluded. A total of 455 404 161 hospitalizations were included. Of those, 954 709 had a primary or secondary diagnosis of IE; 94 350 (9.9%) participants had DA and 860 359 did not ( Figure 1 ).
Baseline Characteristics, Costs, and Outcomes
The median age of patients with IE was 68 years (interquartile range, 52-80), 51% were males, and 72% were white ( Table 1) . When comparing patients with DA-IE to those with non-DA-IE, they were younger (median age, 38 versus 70 years; P<0.001), more commonly male (55.5% versus 50.8%; P<0.001), on Medicaid (45.1%), and were in the lowest quartile of median household income (42.4%). They were less likely to have hypertension (24.7% versus 53.8%; P<0.001), diabetes mellitus (10.3% versus 28.7%; P<0.001), congestive heart failure (9.1% versus 21.9%; P<0.001), renal disease (10.3% versus 27%; P<0.00), or chronic lung disease (16.4% versus 22%; P<0.001), but were more likely to have hepatitis C (8.2% versus 1.2%; P<0.001), liver disease (18.6% versus
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4.9%; P<0.001), human immunodeficiency virus (6% versus 1.2%; P<0.001), and concomitant alcohol abuse (13.6% versus 3.0%; P<0.001). In the DA-IE group, Staphylococcus sp. was the most common organism identified (47.2%; Table 2 ). In terms of costs and outcomes (Table 3) , DA-IE underwent cardiac or valve surgery more often (7.8% versus 6.2% and 7.1% versus 5.1%, respectively; both P<0.001), had a higher median length of stay (9 versus 7 days; P<0.001), and higher hospitalization costs ($52 744 versus $37 373; P<0.001), but lower inpatient mortality (6.4% versus 9.1%; P<0.001).
Regarding the microorganisms involved (regardless of DA status), the highest mortality was for Staphylococcus (13.4%) and fungal infections (13.1%), with the remaining microorganisms having lower comparable mortalities (Streptococus, Gram-negative bacteria, and others having mortality rates of 7.3%, 7.4%, and 7.2%, respectively).
Characteristics and Surgical Outcomes of Patients With DA-IE According to Region
The median age by region varied from 37 years in the South to 41 years in the West. The majority of patients were whites and males across all regions. Concomitant human immunodeficiency virus and hepatitis C were both most common in the Northeast (9.4% and 6.9%, respectively) and least common in the West (6.8% and 4.5%, respectively). In all regions, patients diagnosed with DA-IE were more likely to have a median household income of 0 to 25th percentile and predominantly had Medicaid insurance. Staphylococcus bacteria were the most commonly identified organism ( Table 2 ). The Midwest had the highest incidence rate of cardiac surgery (Table 4) , and the aortic valve was the most common valve operated on across all regions, regardless of DA status.
Trends in IE, DA-IE, and DA From 2002 to 2016
Overall incidence rate of IE increased from 18 per 10 000 in 2002 to 29 per 10 000 in 2016 ( Figure 2A ). In those with DA-IE, incidence rate increased from 48 per 10 000 in 2002 to 79 per 10 000 in 2016. When looking at specific incidence rate ratio, there was a positive trend of IE incidence rate between 2002 and 2016 (P<0.001), with annual percent change (APC) of 1.8% (95% CI, 1.7-1.9) across the United States; however, the trend was nonlinear with a decrease of incidence rate ratio between 2002 and 2008, followed by increasing incidence rate ratio between 2009 and 2016. The Figure 2B ), with an APC of 3.5% (95% CI, 3.3-3.6) across the United States. The APC was highest in the Midwest (4.9%; 95% CI, 4.4-5.4), followed by the Western states (4.3%; 95% CI, 3.9-4.6), Southern states (3.3%; 95% CI 3.1-3.6), and the Northeast (2.4%; 95% CI 2.2-2.7).
When looking at DA across all hospitalizations (regardless of IE diagnosis), incidence rate has nearly doubled from 3% in 2002 to 5.9% in 2016 with a positive trend with an APC of 5% (95% CI, 4.9-5) across the United States. The highest trend was in the West (APC, 7.4%; 95% CI, 7.4-7.5), followed by Midwest (APC, 6.2%; 95% CI, 6.2-6.3), South (APC, 5.2%; 95% CI, 5.2-5.3), and Northeast (APC, 3.3%; 95% CI, 3.3-3.3). 
Discussion
To our knowledge, this study is the first to report population level trends of DA-IE geographically across the entire United
States. Overall, we found an increase in the incidence of allcause endocarditis across the entire United States during this period. DA-IE also increased during this period. Patients with DA-IE were younger, male, on Medicaid, and in the lowest quartile of median household income. The race most affected by DA-IE was white. The DA-IE cohort had fewer chronic comorbidities compared with non-DA-IE, including less hypertension, diabetes mellitus, congestive heart failure, and renal and lung disease; however, affected patients were more likely to have hepatitis C, human immunodeficiency virus, alcohol abuse, and liver disease. They had lower inpatient mortality, underwent cardiac surgery more often, and had an increased length of stay. Their hospitalization was also more expensive. Geographically, DA-IE is increasing across all regions of the United States, with the Midwest having the highest prevalence ratio at 4.9%. Our findings of the rising incidence of IE-DA are consistent with findings of earlier studies. Kim et al 7 showed that intravenous DA is increasing among IE patients requiring surgery whereas another study showed rising rates of intravenous DA in IE in Virginia. 19 Wurcel et al 14 used the NIS with ICD-9 codes and showed that the proportion of IE hospitalization from injection DA increased from 7% to 12.1% between 2000 and 2013. A previous study using the same database showed that the IE admission rate rose between 1998 and 2009. 15 A state-wide study in North Carolina between 2007 and 2017, using the North Carolina Hospital Discharge Database, showed a 12-fold increase in overall hospitalizations in DA-IE and a 13-fold increase in DA-IE hospitalizations with valve surgeries. 18 A recent study that looked at the Centers for Disease Control and Prevention Multiple Cause-of-Death database showed a 1.5-fold increase in the number of deaths among DA-IE compared with non-DA-IE, as well as an increase in IE deaths in people who inject drugs in patients aged <35 years and white between 1996 and 2016. 17 A study using the National Readmissions Database found that IE associated with intravenous DA has continued to rise between 2010 and 2015 and patients are more likely to be readmitted for subsequent episodes of IE. 23 Our findings expand on this and show that the disease of DA-IE is widespread across all geographical regions of the United States.
Hospitalizations for IE have been increasing side by side with the opioid epidemic. 24, 25 The opioid crisis has reached epidemic levels, and now drug overdoses have been the leading cause of injury-related death in the United States. 24 Heroin deaths had remained relatively low from 1999 until 2010 whereas it then increased 3-fold from 2010 to 2015. 26 Our study using the NIS, and a previous study using the Nationwide Readmissions Database, showed a rise in DA-IE that corresponds to this general period. 23 Geographically, it is very interesting that the geographical area with the highest annual percent increase, as well as the Louisiana, and Central Georgia. 27 A retrospective chart review of IE cases at 1 center in North Carolina showed an increasing rate of injection DA-IE and specifically showed that these patients were more likely to reside in rural communities. 28 Recently, opiates have been linked with community outbreaks of human immunodeficiency virus and hepatitis C in rural communities in the Midwest and Southeast United States. 29, 30 Also, the US health system started using ICD-10 for coding instead of ICD-9 in October 2015, increasing the codes of DA from 97 to 253 codes, with an opioid-related diagnosis code increase from 20 ICD-9 to 100 ICD-10 codes. 31 Heslin et al 32 examined the number of opioid-related stays quarterly before, during, and after the transition and found that it increased by 5% just before, 14% during, and 3.5% after the transition. Accordingly, the sharp increase in opioid-related stays indicates that we probably have had underestimated opioid abuse while using ICD-9, which is less sensitive in diagnosing opioid-related hospitalizations compared with ICD-10.
Limitations
Our study has several limitations, most of which were inherent to the administrative database and billing codes that were used. This included reliance on reports using ICD-9 and ICD-10 codes. Observation hospitalizations are not part of the NIS database, and it is possible that the outcomes could be altered. In addition, hospital transfers were excluded per NIS database management recommendations to avoid double counting (the same patient would have 2 admissions in 2 different hospitals -the transferred from and the transferred to-and would thus be counted twice). This does lead to a bias in surgical selection, given that patients transferred to tertiary centers for surgical management may have been excluded. In addition, there is no definite and reliable way to ascertain that the death was related to DA or IE. Rather, we used the "overall" inpatient mortality as provided by the NIS database. Furthermore, the data analyzed only provide a geographical breakdown by region and do not break down the data further to a state level or urban versus rural communities. Finally, we acknowledge the limitation that APC assumes linear increase or decrease over time, and it is an average; however, DA-IE has no linear relationship over time, and, accordingly, APC could be misleading. However, these limitations are balanced by the large and nationally represented cohort and the comprehensive nature of the data recorded.
Conclusions
We showed that DA-IE is increasing annually in the United States over the past 14 years. This disease is widespread, and all regions of the United States are affected. The patient population most at risk is young, lower socioeconomic class, has less cardiac comorbidities, and is white. Our findings have important clinical and public health implications. Care for patients with DA-IE is very complex, and we agree with the American Association for Thoracic Surgery guidelines that it involves a "specialized endocarditis team"-including cardiology, cardiac surgery, infectious disease, neurologist, nephrologist, addiction specialists, case management, and nursing. 33 Unfortunately, treatment for opioid addiction after hospitalization is low. 34 The 2 most common reasons for this are that patients were not ready to stop using illicit drugs or they did not have healthcare coverage to afford appropriate treatment. 35 Care of patients with DA-IE after discharge should include follow-up with drug rehabilitation. 36 Unfortunately, DA-IE patients have a %10-fold higher hazard of death or reoperation compared with patients who do not inject drugs 3 to 6 months after an operation for IE, and it is suspected that this is attributed to continued drug use. 37 We highlight the need to have access to standardized endocarditis teams across hospital systems. Further research is needed on a geographical level to identify clusters or "hot zones" of DA-IE outbreaks, such as in rural areas where opioids are more likely to be abused. Last, we show the need for resource allocations and public health interventions to target the young, poor, white population, most at risk at a national level.
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